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Abstract
Objective: To systematically review evidence on the efficacy and safety of sleep dep-
rivation (SD) as a treatment option for patients with unipolar or bipolar depression.
Methods: A systematic review according to PRISMA guidelines was conducted. 
The certainty of evidence was assessed using the GRADE approach. Controlled tri-
als were included in efficacy analysis, case series for evaluating complications and 
qualitative studies for patients’ experiences.
Results: Eight controlled studies (368 patients), one qualitative study and seven case 
series (825 patients) were included. One week after treatment start, SD combined 
with standard treatment did not reduce depressive symptoms compared with standard 
treatment (standardized mean difference, SMD = −0.29, [95% confidence interval, 
CI: −0.84 to 0.25], p = 0.29). When excluding a study in elderly patients in a post hoc 
analysis, the difference was statistically significant (SMD = −0.54 ([95% CI: −0.86 
to −0.22], p < 0.001)) but it diminished two weeks after treatment start. No supe-
riority of SD was found compared with antidepressants, but SD may be superior to 
exercise in certain settings. It is uncertain whether SD affects quality of sleep, quality 
of life, everyday functioning or length of stay. Apart from switch to mania (ranging 
between 2.7% and 10.7%), no other serious complications were reported.
Conclusion: Sleep deprivation has been studied in a wide range of settings resulting 
in divergent results for the short-term efficacy on depressive symptoms. Post hoc 
analyses indicated that there may be a significant but transient effect in certain popu-
lations. Further studies should focus on identifying subgroups of responders as well 
as examining feasibility in routine clinical care.
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1  |   INTRODUCTION

Depression is a leading cause of disability worldwide,1 causing 
a high burden of disease and substantial societal cost.2,3 It is a 
major contributor to death by suicide 1 and is highly correlated 
with cardiovascular and other chronic disease-related mortality.4

Although antidepressant medications are more effica-
cious than placebo, a significant number of treatment-seek-
ing patients with depression do not respond sufficiently and 
even for responders several weeks may pass before an opti-
mal therapeutic effect is reached.5–7 This latency period (be-
tween start of medication to its full effect) is critical, as it has 
been found to be related to both increased risk for suicidal 
behaviour and poor treatment response.8,9 Thus, identifying 
treatment options for alleviating depressive symptoms rap-
idly should be regarded as a prioritized goal in clinical psy-
chiatric research.

A treatment method of interest is sleep deprivation (SD) 
or wake therapy, where a patient intentionally remains awake 
during one or more nights in order to regulate the diurnal 
rhythm and thereby alleviate depressive symptoms. Although 
instantaneous overnight remission of depressive symptoms 
after SD has been widely reported, relapse after recovery 
sleep is common.10 In order to improve the effect of SD and 
to achieve maintained effect, several chronotherapeutic pro-
tocols have been developed. These protocols vary in several 
aspects: the type of SD (total, ie complete SD for a whole 
night or partial, ie parts of the night); the number of nights 
awake (single or repeated with intermittent nights with sleep); 
sleep management after SD (eg the length of recovery sleep, 
strategies for sleep phase advances and sleep time stabiliza-
tion); maintenance strategies (eg concurrent light therapy or 
pharmacotherapy) and strategies for protocol adherence (eg 
hospital setting, various monitoring methods, availability of 
physical and social activities during the SD). When systemati-
cally evaluating the efficacy of SD as treatment of depression, 
it is important to take into account the heterogeneity of the 
treatment protocols as well as the instruments and timing of 
the clinical assessments. The effect of SD also needs to be 
evaluated in relation to the time period for which an additional 
treatment option is urgently needed (ie the time to response 
or remission of depression after start of treatment with the 
current antidepressants), a latency period of presumably more 
than two weeks.8 A recent meta-analysis suggests that SD may 
have an antidepressant effect in the first week of treatment in 
bipolar depression,11 but a comprehensive review of SD for 
the whole spectrum of depressive disorders is warranted.

1.1  |  Aims of the review

The main objective of this review was to assess whether SD with 
or without subsequent light therapy is an effective treatment 

option by itself or in addition to standard treatment for patients 
with unipolar or bipolar depression compared with no SD or 
other treatment. In addition, the safety of SD was investigated.

2  |   METHODS

A systematic review was conducted as part of a health tech-
nology assessment (HTA) performed at HTA-centrum, 
Sahlgrenska University Hospital in Gothenburg, Sweden.12 
The methods are based on the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA).13 
The PICO process (Population, Intervention, Comparator, 
Outcome) was used to define the research question and 
eligibility criteria for the literature search. The review was 
not registered in a prospective register prior to the literature 
search. However, the selection and analysis of the articles 
were based on the initially defined PICO and performed ac-
cording to the current praxis at the HTA-centrum.

2.1  |  Eligibility criteria

To be eligible, studies had to meet the following criteria:

Population: Study participants were adult patients 
(≥18  years old) with depression including bipolar 

Summations
•	 Sleep deprivation may have a transient effect on 

depressive symptoms in a subgroup of patients.
•	 It is uncertain whether sleep deprivation affects the 

health-related quality of life, everyday functioning, 
quality of sleep and length of hospital stay.

•	 The transient effect of sleep deprivation limits its 
clinical relevance as an add-on treatment to cur-
rent antidepressants.

Limitations
•	 The meta-analysis was based on post-treatment 

assessments only, as information regarding mean 
change from baseline and the corresponding 
standard deviations was missing in almost all in-
cluded studies.

•	 Differences in several aspects of the included 
studies (mostly on study population, comparators, 
treatment protocols, and subsequent maintenance 
strategies) limited the certainty of evidence.
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depression (defined according to DSM criteria).14

Intervention: SD for at least one night under supervision 
in an inpatient setting (with or without subsequent light 
therapy).
Comparator: (i) no SD with or without underlying stan-
dard treatment or (ii) other treatment (eg medication, exer-
cise) than SD with or without standard treatment. Studies 
in which electroconvulsive therapy (ECT) was used as a 
standard treatment or comparator to SD were not eligible 
for inclusion.
Outcomes: The outcomes of primary interest were 
mortality (including suicide), self-harm and depres-
sive symptoms (assessed by validated instrument). 
Additional important outcomes were quality of sleep, 
health-related quality of life measured with validated 
instruments, medication use, everyday functioning 
(activities of daily living, return to work) according to 
validated scales or administrative data, length of hos-
pital stay, patients’ experience during treatment (based 
on qualitative studies), diurnal rhythm and complica-
tions. Eventual worsening in depressive symptoms was 
to be evaluated as part of effect measures rather than 
complications.
Types of study included the following: randomized 
controlled trials (RCTs) with at least five patients per 
group, cohort studies (with at least 10 patients per 
group), case series with at least 50 patients (for analy-
sis of complications) and qualitative studies (for infor-
mation on patients’ experience during treatment, with 
at least five patients). Studies had to be published in 
English or Scandinavian languages (Danish, Norwegian 
or Swedish). No restriction was applied to the date of 
publication.

2.2  |  Patient involvement

The PICO was reviewed by representatives from a local pa-
tient organization (Intresseförening Bipolär Sjukdom, IBIS) 
who confirmed the relevance of the outcomes at issue as well 
as emphasizing the importance of rapid relief of depressive 
symptoms from the patient's perspective.

2.3  |  Data sources and study selection

During March 2019, two authors (KM and IS) performed sys-
tematic searches in PubMed, EMBASE, the Cochrane Library, 
CINAHL, PsycInfo and a number of HTA databases. In June 
2019, ClinicalTrials.gov was searched for relevant completed 
and ongoing trials. The details of the search strategy for each 
database are reported in Appendix S1. As a complement to this 
search, we also reviewed the reference lists of relevant articles. 

These two authors conducted the literature searches, selected 
studies, and independently of one another assessed the obtained 
abstracts and made a first selection of full-text articles for inclu-
sion or exclusion. Any disagreements were resolved in consen-
sus. All remaining articles were sent to all authors who read the 
full-text articles independently of one another and decided in a 
consensus meeting which articles should be included in the re-
view. Excluded studies and reasons for exclusion are presented 
in the Appendix S2. The search was repeated in all the above da-
tabases in March 2020. Additional 139 abstracts were assessed 
by CW and MI without meeting the inclusion criteria.

2.4  |  Data extraction

Two reviewers (MI and LS) extracted data for each eligible 
study, and another author (CW or PS) verified the data ex-
traction. We retrieved information on study design, location, 
clinical and demographic population data (including type of 
depression, gender and age distribution), treatment protocols, 
outcome measures and main findings. When needed, outcome 
values were retrieved from diagrams or calculated with help 
of online calculators. Additional study data were retrieved for 
three studies, after contacting the corresponding authors.15–17

2.5  |  Assessment of quality

The risk of bias was evaluated by all authors using a check-
list for assessment of RCTs from the Swedish Agency for 
Health Technology Assessment and Assessment of Social 
Services (SBU).18 This checklist, based on the Cochrane 
risk of bias tool,19 assesses selection bias, performance 
bias, detection bias, attrition bias, reporting bias and con-
flicts of interest. Any discrepancies in assessments were 
resolved in consensus meetings. For qualitative studies, 
the tool of SBU for assessment of qualitative studies was 
used.20

The certainty of evidence was assessed at outcome 
level using the Grading of Recommendations Assessment, 
Development and Evaluation (GRADE) system.21 The fol-
lowing factors were assessed: study limitations/risk of bias 
(including randomization, blinding, follow-up, dropouts, 
compliance and intention-to-treat analysis); consistency 
(including direction and magnitude of effect across studies 
and overlap of confidence intervals); directness (including 
setting, population, intervention, control, outcome and com-
parison–in other words the generalizability); and precision 
(including sample size and width of confidence intervals). 
We initially assigned a high certainty level, but downgraded 
one or more levels to moderate, low or very low if issues 
with GRADE criteria regarding study quality, directness or 
precision were detected.
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2.6  |  Publication bias

Potential publication bias was assessed by searching 
ClinicalTrials.gov and by visual inspection of funnel plots. 
The main strategy was to search for relevant studies that had 
been listed as completed on ClinicalTrials.gov but had not 
been published.

2.7  |  Statistics

When possible, data were combined in meta-analysis for 
investigation of the aggregated effect. The meta-anal-
ysis was performed with Review Manager (RevMan) 
[Computer program] version 5.3. Copenhagen: The 
Nordic Cochrane Centre, The Cochrane Collaboration: 
Copenhagen, Denmark, 2014. Notably, the meta-analy-
sis had to be based on post-treatment assessments only, 
as information regarding mean change from baseline and 
the corresponding standard deviation is missing in al-
most all publications. This implies less statistical power 
to detect treatment effects, compared to the analysis 
in terms of change from baseline, which is used in the 
publications. Because different versions of Hamilton de-
pression rating scale (HDRS)22 were used for assessment 
of depression symptoms, we calculated standardized 
mean differences (SMD) and their 95% confidence inter-
vals (CI). The level of statistical significance was set to 
p < 0.05. Effect sizes were pooled in a random-effects 
model given expected heterogeneity between studies. 
Statistical heterogeneity was assessed with the χ2 and I2 
statistics. When warranted, post hoc analyses were con-
ducted for clarification, but not contributed in the over-
all conclusions of evidence synthesis (which were based 
on the PICO). No ethical approval was needed prior to 
the study as the analysed data were retrieved from pre-
vious published studies in which informed consent was 
obtained by primary investigators.

3  |   RESULTS

3.1  |  Search results

The literature search identified 2133 articles after removal 
of duplicates. After reading the abstracts, 2055 articles were 
excluded with additional 43 articles excluded after reading 
the articles in full text. The remaining 35 articles were sent 
to all participants of the project group to read in full text out 
of which 19 articles were finally included in the analysis. 
A flowchart of the study selection process is presented in 
Figure 1. No unpublished studies were found on our search 
on ‘ClinicalTrials.gov’.

3.2  |  Characteristics of included studies

The included studies, their design and patient characteristics are 
presented in Table 1. In all, seven RCTs were included,15-17,23–26 
two of which had three treatment arms and contributed to both 
comparison of SD as add-on to standard treatment and SD to 
other treatments.14,22 The studies by Kundermann et al and 
by Martiny et al were reported in two17,27 and three publica-
tions,25,28,29 respectively. Six RCTs (n = 215 patients) and one 
cohort study (n  =  41) investigated SD as add-on compared 
with standard treatment. Three RCTs (n = 148 patients) com-
pared SD with other treatment.15,23,25 The characteristics of the 
included controlled trials and the results for each outcome are 
presented below separately for the comparison of i) SD as add-
on compared with standard treatment ii) for the comparison of 
SD versus other treatment. Apart from the studies above, seven 
case series30–36 were included for the evaluation of rate of com-
plications following SD and one qualitative study37 contributed 
information regarding patients’ experience during treatment. 
Total rather than partial SD was used in all the included studies.

3.2.1  |  SD as add-on compared to 
standard treatment

Six RCTs with a total of 215 patients15–17,23,24,26,27 and one co-
hort study38 in 49 patients compared SD as add-on to standard 
treatment. Antidepressant medication was used as standard treat-
ment in all studies except in one RCT where CBT was used.17,27 
Only one of these studies had no limitations regarding direct-
ness, precision and risk of bias.16 All other studies had minor or 
major risk of bias—mainly due to limitations in blinding, and 
high or incompletely described dropout rates. The directness 
was limited in four of the studies, for example due to differing 
SD protocols (1 up to 6 wake nights) and patient populations (eg 
one study in elderly patients with late-onset depression).15,17,24,38 
Furthermore, two studies had small sample sizes limiting the 
precision.17,24 Two studies combined SD with chronotherapeu-
tic interventions (light therapy, sleep time stabilization).16,26

3.2.2  |  SD compared with other treatment

Three RCTs were included with a total of 148 patients comparing 
SD with other active treatment. Two studies compared SD with 
medication.15,23 The third study compared SD combined with 
subsequent chronotherapeutic maintenance (light therapy and 
sleep time stabilization) with exercise as active comparator.25,28,29 
The risk of bias was judged to be minor in all three studies (some 
limitations in blinding, and some questions regarding the control 
treatments). Questions regarding directness were raised for two 
studies (one study only included elderly patients, and for the study 
comparing SD with exercise, the latter was of limited duration and 
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intensity). Furthermore, one of these three studies had a small sam-
ple size limiting the precision.23 The quality assessment of RCTs 
and the cohort study is presented in the outcome tables.

3.3  |  Outcomes

A summary of key findings is presented in Table 2.

3.4  |  Mortality (including suicide) and self-
harm

None of the included studies reported data regarding mortal-
ity or self-harm.

3.5  |  Depressive symptoms

In all the included studies, depressive symptoms were as-
sessed using the HDRS at baseline and several subsequent 

times during the studies. The HDRS ratings were assessed 
by clinicians/raters in all studies, but different versions of the 
scale have been used.

3.5.1  |  SD as add-on compared with 
standard treatment

Six RCTs15–17,23,24,26,27 and one cohort study38 investigated 
the effect of SD as add-on to standard treatment on depres-
sive symptoms. Depressive symptoms were assessed for a 
study duration of 2–9 weeks (Appendix S3).

Effects of SD during the first week after treatment start
Four RCTs reported statistically significant differences between 
the treatment groups regarding depressive symptoms during the 
first week. In three studies, results were in favour of SD16,24,26 
and in one study in favour of the comparator.15 A meta-analysis 
of the post-treatment HDRS data during the first week was sta-
tistically non-significant for SD combined with standard treat-
ment compared with standard treatment only (SMD = −0.29 

F I G U R E  1   Flow diagram of selection process (PRISMA chart) [Colour figure can be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com


      |  27IOANNOU et al.
T

A
B

L
E

 1
 

C
ha

ra
ct

er
is

tic
s o

f i
nc

lu
de

d 
st

ud
ie

s

Fi
rs

t a
ut

ho
r,

 y
ea

r,
 

co
un

tr
y

St
ud

y 
de

sig
n

Le
ng

th
 o

f 
fo

llo
w

-u
p

St
ud

y 
gr

ou
p;

 in
te

rv
en

tio
n 

vs
 

co
nt

ro
l

Pa
tie

nt
s (

n)
A

ge
 (m

ea
n 

±
 S

D
)

[r
an

ge
]

M
en

 
(%

)
O

ut
co

m
e 

va
ri

ab
le

s
Co

m
m

en
ts

B
en

ed
et

ti,
 2

00
5,

 
Ita

ly
30

C
as

e 
se

rie
s

9 
m

on
th

s
I: 

3 
TS

D
 c

yc
le

s +
 L

T 
+

 st
an

da
rd

 
tre

at
m

en
t

B
ip

ol
ar

 d
ep

re
ss

io
n 

(6
0)

I: 
46

 ±
 1

1
C

om
pl

ic
at

io
ns

B
en

ed
et

ti,
 1

99
7,

 
Ita

ly
24

R
C

T
28

 d
ay

s
I: 

3 
TS

D
 c

yc
le

s +
 fl

uo
xe

tin
e

C
: f

lu
ox

et
in

e
H

os
pi

ta
liz

ed
 p

at
ie

nt
s w

ith
 

bi
po

la
r d

ep
re

ss
io

n 
(1

0)
I: 

40
 ±

 1
2

C
: 4

2 
±

 1
0

33
H

D
R

S

C
ol

om
bo

, 1
99

9,
 

Ita
ly

31
C

as
e 

se
rie

s
I: 

3 
TS

D
 c

yc
le

s +
 st

an
da

rd
 

tre
at

m
en

t
B

ip
ol

ar
 d

ep
re

ss
io

n 
(2

06
)

I:4
6 

±
 1

2
34

C
om

pl
ic

at
io

ns

C
ol

om
bo

, 2
00

0,
 

Ita
ly

 32
C

as
e 

se
rie

s
1 

w
ee

k
I: 

3 
TS

D
 c

yc
le

s +
 st

an
da

rd
 

tre
at

m
en

t
B

ip
ol

ar
 d

ep
re

ss
io

n 
(1

15
)

33
C

om
pl

ic
at

io
ns

El
se

ng
a,

 1
98

2 
N

et
he

rla
nd

s23
R

C
T

15
 d

ay
s

Ia
: 4

 T
SD

 
cy

cl
es

 +
 c

lo
m

ip
ra

m
in

e
Ib

: 4
 T

SD
 c

yc
le

s +
 p

la
ce

bo
C

: c
lo

m
ip

ra
m

in
e

H
os

pi
ta

liz
ed

 p
at

ie
nt

s w
ith

 
de

pr
es

si
on

 (3
0)

Ia
; 4

9 
±

 1
4

Ib
: 5

1 
±

 1
8

C
:5

1 
±

 1
3

20
H

D
R

S

Fä
hn

dr
ic

h,
 1

98
1,

 
G

er
m

an
y35

C
as

e 
se

rie
s

4 
da

ys
I: 

TS
D

 +
 st

an
da

rd
 tr

ea
tm

en
t

U
ni

po
la

r o
r b

ip
ol

ar
 

de
pr

es
si

on
 (8

0)
49

 [2
0–

78
]

41
C

om
pl

ic
at

io
ns

G
or

gu
lu

, 2
00

9,
 

Tu
rk

ey
38

C
oh

or
t 

st
ud

y
42

 d
ay

s
I: 

3 
TS

D
 c

yc
le

s +
 se

rtr
al

in
e

C
: s

er
tra

lin
e

Pa
tie

nt
s w

ith
 m

aj
or

 
de

pr
es

si
on

 (4
1)

I; 
40

 ±
 1

2
C

:3
3 

±
 1

1
37

H
D

R
S,

 c
om

pl
ic

at
io

ns

K
ra

gh
, 2

01
7a

, 
D

en
m

ar
k16

R
C

T
9 

w
ee

ks
I: 

3 
TS

D
 c

yc
le

s +
 L

T 
+

ST
S 

+
 st

an
da

rd
 tr

ea
tm

en
t

C
: S

ta
nd

ar
d 

tre
at

m
en

t

H
os

pi
ta

liz
ed

 p
at

ie
nt

s w
ith

 
de

pr
es

si
on

 (6
4)

I: 
38

 (±
 1

2)
C

: 4
0 

(±
 1

2)
57

H
D

R
S,

 H
rQ

oL
, l

en
gt

h 
of

 st
ay

, l
ev

el
 

of
 fu

nc
tio

ni
ng

, q
ua

lit
y 

of
 sl

ee
p,

 
co

m
pl

ic
at

io
ns

K
ra

gh
, 2

01
7b

, 
D

en
m

ar
k37

Q
ua

lit
at

iv
e 

st
ud

y
-

I: 
3 

TS
D

 c
yc

le
s +

 L
T 

+
ST

S 
+

 st
an

da
rd

 tr
ea

tm
en

t
H

os
pi

ta
liz

ed
 p

at
ie

nt
s w

ith
 

de
pr

es
si

on
 (1

3)
37

 [1
8-

66
]

62
C

om
m

en
t: 

O
ve

rl
ap

 o
f s

tu
dy

 p
op

ul
at

io
n 

w
ith

 K
ra

gh
 e

t a
l 2

01
7

K
un

de
rm

an
n,

 2
00

8,
 

G
er

m
an

y17
R

C
T

3 
w

ee
ks

I: 
6 

TS
D

 c
yc

le
s +

 C
B

T
C

: C
B

T
H

os
pi

ta
liz

ed
 p

at
ie

nt
s w

ith
 

de
pr

es
si

on
 (1

9)
37

 ±
 8

57
H

D
R

S

K
un

de
rm

an
n,

 2
00

9,
 

G
er

m
an

y27
R

C
T

3 
w

ee
ks

I: 
6 

TS
D

 c
yc

le
s +

 C
B

T
C

: C
B

T
H

os
pi

ta
liz

ed
 p

at
ie

nt
s w

ith
 

de
pr

es
si

on
 (1

8)
I: 

37
 ±

 8
C

: 3
7 

±
 8

62
C

om
m

en
t: 

O
ve

rl
ap

 o
f s

tu
dy

 p
op

ul
at

io
n 

w
ith

 K
un

de
rm

an
n 

20
08

M
ar

tin
y,

 2
01

2,
 

D
en

m
ar

k25
R

C
T

9 
w

ee
ks

I: 
3 

TS
D

 c
yc

le
s +

 L
T 

+
ST

S 
+

 d
ul

ox
et

in
e

C
: D

ai
ly

 e
xe

rc
is

e 
+

 d
ul

ox
et

in
e

H
os

pi
ta

liz
ed

 p
at

ie
nt

s w
ith

 
de

pr
es

si
on

 (7
5)

I:4
7 

±
 1

3
C

:4
9 

±
 1

1
41

H
D

R
S,

 le
ve

l o
f f

un
ct

io
ni

ng
, H

rQ
oL

, 
qu

al
ity

 o
f s

le
ep

, c
om

pl
ic

at
io

ns

M
ar

tin
y,

 2
01

3,
 

D
en

m
ar

k28
R

C
T

1 
w

ee
k

I: 
3 

TS
D

 c
yc

le
s +

 L
T 

+
ST

S 
+

 d
ul

ox
et

in
e

C
: D

ai
ly

 e
xe

rc
is

e 
+

 d
ul

ox
et

in
e

H
os

pi
ta

liz
ed

 p
at

ie
nt

s w
ith

 
de

pr
es

si
on

 (7
5)

I:4
7 

±
 1

3
C

:4
9 

±
 1

1
41

C
om

pl
ic

at
io

ns
C

om
m

en
t: 

sa
m

e 
st

ud
y 

po
pu

la
tio

n 
as

 
M

ar
tin

y 
20

12

M
ar

tin
y,

 2
01

5,
 

D
en

m
ar

k29
R

C
T

20
 w

ee
ks

I: 
3 

TS
D

 c
yc

le
s +

 L
T 

+
ST

S 
+

 d
ul

ox
et

in
e

C
: D

ai
ly

 e
xe

rc
is

e 
+

 d
ul

ox
et

in
e

H
os

pi
ta

liz
ed

 p
at

ie
nt

s w
ith

 
de

pr
es

si
on

 (7
5)

I:4
7 

±
 1

3
C

:4
9 

±
 1

1
41

H
D

R
S,

 le
ve

l o
f f

un
ct

io
ni

ng
, q

ua
lit

y 
of

 
sl

ee
p,

 c
om

pl
ic

at
io

ns
C

om
m

en
t: 

sa
m

e 
st

ud
y 

po
pu

la
tio

n 
as

 
M

ar
tin

y 
20

12

(C
on

tin
ue

s)



28  |      IOANNOU et al.

[95% CI: −0.84 to 0.25], p = 0.29), with substantial heteroge-
neity in the analysis (I2 = 70%) (Figure 2).

The RCT by Reynolds et al15 was found to be the main 
source of the statistical heterogeneity. In a post hoc sensitiv-
ity analysis excluding Reynolds et al15, and thereby the only 
study specifically conducted in elderly patients, the heteroge-
neity resolved (I2 = 0%) and the overall effect was statistically 
significantly different with a standardized mean difference of 
SMD = -0.54 [95% CI: −0.86 to −0.22], p = 0.0009 in favour 
of SD.

Given the idea to offer SD as an add-on treatment to psy-
chopharmacological treatment alone, an additional post hoc 
analysis of the five RCTs (n = 196 patients) with this design 
was conducted. The overall effect was not statistically sig-
nificant one week after the start of treatment (SMD = −0.32 
[95% CI −0.97 to 0.32]; p = 0.32) but showed statistically 
significant difference when excluding Reynolds et al15 as 
above (SMD = −0.59 [95% CI: −0.94 to −0.25], p = 0.0007).

Further post hoc analyses were conducted by separating 
bipolar and unipolar depression. The RCT by Kragh et al16 
was excluded from these analyses because of mixed popula-
tion. Thus, three studies were included in the meta-analysis for 
unipolar depression15,17,23 and two for bipolar depression.24,26 
One week after treatment start, the effects of SD were not 
statistically significant in studies on unipolar depression 
(SMD = −0.10 [95% CI −1.16 to 0.96], p = 0.85, I2 = 81%). 
For studies on bipolar depression, there was a tendency to-
wards significance at the same time point (SMD  =  −0.54 
[95% CI −1.08 to 0.00], p = 0.05, I2 = 0%).

When excluding the RCT on late-life depression by 
Reynolds et al15, the effect size of SD in unipolar depres-
sion was numerically similar to bipolar depression but still 
not statistically significant (SMD  =  −0.59 [95% CI −1.44 
to 0.25], p = 0.17, I2 = 40%). Note, these analyses regarding 
subgroups of patients were conducted post hoc and are thus 
merely explorative.

Based on the GRADE assessment (Table 2), we conclude 
that SD given in addition to standard treatment, in patients 
with depression, may result in little or no difference in depres-
sive symptoms compared with no add-on treatment during the 
first week after treatment start (low certainty of evidence).

Effects of SD more than one week after treatment start
In five out of the six RCTs, no statistically significant ef-
fect of SD was observed in the subsequent weeks after 
SD.15–17,23,24 One RCT reported a maintained effect of SD.26 
Meta-analysis of the HDRS scores two to three weeks after 
first SD did not show any statistically significant differences 
(SMD = 0.13 [95% CI −0.38 to 0.64]; p = 0.61), I2 = 63%. 
No reliable variability data were available for one of the stud-
ies23 which therefore does not contribute to the meta-analy-
sis on the effect of SD more than one week after treatment 
start (Appendix S4). When excluding the study by Reynolds Fi
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et al15, as above, the heterogeneity resolved (I2  =  0%) but 
the comparison was not statistically different (SMD = −0.07 
[95% CI −0.40 to 0.27], p = 0.70, I2 = 0%). Stratified post 
hoc analyses did not reveal notable differences for bipolar 
depression (SMD = −0.33 [95% CI −0.87 to 0.20], p = 0.22, 
I2 = 0%) or unipolar depression (SMD = 0.43 [95% CI −0.66 

to 1.51], p = 0.44, I2 = 76%). Inspection of the funnel plots 
based on the meta-analyses of the post-treatment HDRS 
data revealed no evidence of publication bias. Based on our 
GRADE assessment (Table 2), we conclude that SD given in 
addition to standard treatment, in patients with depression or 
bipolar depression, may have little or no persisting effect on 

T A B L E  2   Summary of findings, by comparison

Outcomes
Number and type of 
studies (participants) Absolute effect estimates

Certainty of 
evidence GRADE

Sleep deprivation vs no sleep deprivation as add-on treatment

Depressive symptoms

Within 1 week 6 RCTs (215) & 1 
cohort studyd  (49)

SMD: −0.29 (95% CI −0.84 to 0.25), n.s.
Subgroup analysis excluding a study in elderly patients 

with late-onset depression:
SMD: −0.54 (95% CI −0.86 to −0.22), p < 0.001 in 

favour of TSD.

⊕⊕◯◯a 

After more than 1 week 6 RCTs (215) SMD: −0.04 (95% CI −0.33 to 0.24), n.s. ⊕⊕◯◯a 

Quality of Sleep 1 RCT (64) Between-group difference in weeks 2-9, n.s. ⊕◯◯◯b 

HRQL 1 RCT (64) Between-group difference in WHO-5, n.s. ⊕◯◯◯b 

Everyday functioning 1 RCT (64) Between-group difference in GAF, n.s. ⊕◯◯◯b 

Sleep deprivation vs other treatment

Depressive symptoms Sleep deprivation vs medication ⊕◯◯◯b 

2 RCTs (73) Between-group difference in HDRS n.s. in both studies

Sleep deprivation + chronotherapeutic maintenance vs exercise ⊕⊕◯◯c 

1 RCT (75) Between-group difference in HDRS, sign. advantage for 
TSD up to week 29.

Quality of Sleep 1 RCT (75) Sleep deprivation + light therapy vs exercise:
Sign. more patients with increased quality of sleep days 

1-8 after TSD than in control F1 = 10.5, p < 0.001

⊕◯◯◯b 

HRQL 1 RCT (75) Sleep deprivation + light therapy vs exercise:
Between-group difference in WHO-5
Week 2 sign. in favour of TSD, week 8, n.s.

⊕◯◯◯b 

Everyday functioning 1 RCT (75) Sleep deprivation + light therapy vs exercise
Between-group difference in GAF, n.s.

⊕◯◯◯b 

Certainty of evidence (GRADE):

High certainty⊕⊕⊕⊕ We are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty 
⊕⊕⊕◯

We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the 
effect, but there is a possibility that it is substantially different.

Low certainty⊕⊕◯ ◯ Confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of 
the effect.

Very low certainty⊕ 
◯◯◯

We have very little confidence in the effect estimate: The true effect is likely to be substantially different from 
the estimate of effect

Abbreviations: CI, confidence interval; GAF, global assessment of functioning; GRADE, grading of recommendations, assessment, development and evaluations; 
HDRS, Hamilton depression rating scale; HRQL, health-related quality of life; n.s., not significant; RCT, randomized controlled trials; sign., significant; SMD, 
standardized mean difference; TSD, total sleep deprivation; vs, versus.
aDowngraded two steps for some imprecision, some inconsistencies, some indirectness and serious study limitations (eg unclear randomization, high dropout, 
limitations in blinding). 
bDowngraded three steps for serious imprecision, some indirectness and serious study limitations (eg unclear randomization, lack of information on procedures in 
control group, high dropout, limitations in blinding). 
cDowngraded two steps for single study with some indirectness and some study limitations (eg limitations in blinding, questions about comparator of exercise). 
dThe cohort study did not contribute to the GRADE rating. 
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depressive symptoms, after more than one week, compared 
with no add-on treatment (low certainty of evidence).

3.5.2  |  SD compared with other treatment

Two RCTs with minor study limitations including 73 patients 
compared SD and concurrent administration of placebo with 
initiation of antidepressant medication.15,23 No difference was 
found between SD compared with antidepressant medication 
during the two-week follow-up in the studies (Appendix S5). 
Based on our GRADE assessment (Table  2), we conclude 
that it is uncertain whether SD compared with medication af-
fects depressive symptoms in patients with depression (very 
low certainty of evidence).

One study with minor study limitations (described in three 
publications focusing on different length of follow-up)25,28,29 
compared SD followed by chronotherapeutic maintenance 
with exercise of limited duration and intensity. Patients in the 
SD group showed a rapid, statistically significant and larger re-
duction in depression scores than patients in the exercise group 
one week after start of treatment with SD (SMD = −0.83 [95% 
CI −1.30 to −0.36]; p = 0.06). The between-group difference 
diminished over the 29  weeks of follow-up (Appendix S5). 
Based on our GRADE assessment (Table 2), we conclude that 
SD with subsequent chronotherapeutic maintenance may re-
sult in reduced depressive symptoms compared with exercise 
in patients with depression starting antidepressant medication 
(low certainty of evidence).

Taken altogether, a meta-analysis of the overall post-treat-
ment HDRS data during the first week showed no statisti-
cally significant superiority of SD compared with other 
treatment (antidepressants or exercise) (SMD = −0.18 ([95% 
CI: −0.92 to 0.55], p = 0.63). However, the heterogeneity in 
the analysis was substantial (I2 = 77%) (Appendix S6).

3.6  |  Quality of sleep

The outcome quality of sleep was investigated in one RCT 
comparing SD as add-on versus no add-on treatment16 and 
in one RCT comparing SD with exercise25,28,29 (Appendix 

S7). In both studies, quality of sleep was self-reported using 
non-validated instruments. Both studies reported positive 
effects of the combination of SD, light therapy and sleep 
time stabilization on patients’ sleep duration, sleep mainte-
nance and self-reported sleep quality. A statistically signifi-
cant advance of the sleep-wake cycle was observed in one 
study,29 indicating less problems falling asleep. Kragh et al16 
report a decrease in awakenings during the night and less 
day time sleeping in the first weeks after SD. Based on our 
GRADE assessment (Table 2), we conclude that it is uncer-
tain whether SD affects the quality of sleep in patients with 
depression compared with no or other treatment (very low 
certainty evidence).

3.7  |  Health-related quality of life (HRQL)

HRQL was measured with validated instruments in one 
RCT16 comparing SD as add-on versus no add-on treatment 
and in one RCT29 comparing SD to exercise (Appendix S8). 
Both studies16,29 evaluated similar chronotherapeutic inter-
ventions (combination of SD, light therapy and sleep time 
stabilization) and measured HRQL with the WHO-5 scale. 
Only one study29 showed statistically significantly better 
self-reported HRQL in the SD treatment group than in the 
control group. Based on our GRADE assessment (Table 2), 
we conclude that it is uncertain SD affects the health-related 
quality of life measured in patients with depression compared 
with no or other treatment (very low certainty evidence).

3.8  |  Everyday functioning

Everyday functioning was investigated by using GAF assess-
ments in one RCT16 comparing SD as add-on to medication 
with no add-on treatment and in one RCT29 comparing SD 
to exercise (Appendix S9). The two studies had similar in-
tervention protocols for the SD groups, but they report GAF 
scores in different post-treatment time periods (9 weeks and 
29  weeks after SD, respectively).16,29 No statistically sig-
nificant effect on everyday functioning was found. Based 
on our GRADE assessment (Table  2), we conclude that it 

F I G U R E  2   Meta-analysis of the Hamilton depression rating scale (HDRS) scores during the first week after start of treatment with sleep 
deprivation as add-on to standard treatment compared with standard treatment only [Colour figure can be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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is uncertain whether SD affects the everyday functioning in 
patients with depression compared with no or other treatment 
(very low certainty evidence).

3.9  |  Length of hospital stay

One RCT16 investigated the length of hospital stay in patients 
treated with SD as add-on compared with no add-on treat-
ment (Appendix S10). No statistically significant difference 
was found between groups. Noticeably, the median length 
of hospital stay was numerically longer for the SD group. 
No studies investigated this outcome in comparison of SD to 
other treatment. Based on our GRADE assessment (Table 2), 
we conclude that it is uncertain whether SD in addition to 
standard treatment affects the length of hospital stay com-
pared with no add-on treatment in patients with depression 
(very low certainty of evidence).

3.10  |  Medication use

None of the included studies investigated the need for or 
changes in medication use before and after intervention. 
Data on psychotropic medication were reported in two stud-
ies16,29 mainly serving as control information for a possible 
cofounder. No statistically significant differences between 
intervention and control groups were reported (very low cer-
tainty evidence).

3.11  |  Patient-reported experience

Only one qualitative study was found to focus on patients’ 
experiences of SD when taking part in an RCT.37 The qual-
ity of the study was evaluated as moderate because of lack 
of information on ethical rational (ie power imbalances dur-
ing interviewing) and theoretical foundation (ie insufficient 
presentation of manifest analysis). The participants’ overall 
experiences were reported to be positive. A rapid but tran-
sient antidepressant effect was experienced by some pa-
tients whereas others described long-term benefits, such as 
improved sleep and diurnal rhythms. Negative experiences 
were limited, and mostly related to disappointment surround-
ing inadequate or transient responses.

3.12  |  Complications

The systematic documentation of complications is lim-
ited in the included studies. Data are provided in three 
RCTs,16,26,29 one cohort study38 and seven case series30-36 
(Appendix S11).

The switch rate to manic state in patients with depression 
was reported in eight studies.16,25,26,30-33,36 Summarized 
over all included studies above, the average switch rate in 
patients with bipolar disorder during SD treatment (650 
patients with bipolar disorder) was 5.5% (ranging between 
2.7% and 10.7%). The publications do not provide any 
information as to when the switch to mania occurred in 
relation to the SD. No conclusive data could be retrieved 
on mood switching in SD-treated patients with unipolar 
depression.

Regarding the tolerability and feasibility of the treat-
ment, relevant data were retrieved from three RCTs26,29,38 
and one cohort study.38 Of the 152 patients who were 
treated with SD, 17 (11.2%) were reported as dropouts. The 
reasons for dropout were not specified in all cases, but ECT 
treatment and failure to adhere to study protocol were men-
tioned. A comparison with the control groups is not possi-
ble, since information on dropouts in the control groups is 
very limited. One patient in the control group developed 
polarity switch.29 Two studies16,29 described development 
or worsening of anxiety in a small number of patients fol-
lowing SD.

4  |   DISCUSSION

The primary aim of the systematic review was to assess 
the efficacy and safety of SD with or without subsequent 
chronotherapeutic maintenance in patients with depressive 
symptoms including bipolar depression. In summary, the 
meta-analysis showed no statistically significant difference 
one week following start of intervention. However, in post 
hoc analyses excluding a study focusing on elderly patients, 
the effect size was moderate and statistically significant. 
Given the limited data available, treatment effect on other 
relevant outcomes is uncertain. Furthermore, no superiority 
of SD was found compared with antidepressants. Finally, one 
study suggested that SD with subsequent chronotherapeutic 
maintenance may be superior to exercise in patients with de-
pression starting antidepressant medication and the superior-
ity could be maintained for several weeks.29 However, these 
findings based on a single study need replication for a thor-
ough evaluation.

Boland et al39 reported a meta-analysis of the antide-
pressant effects of SD with focus on short-term response 
rates and correlations of response to factors such as medi-
cation status, type of SD, age and gender. That review has 
a methodological approach that does not meet PRISMA 
guidelines.13 A major limitation of that review article is 
the lack of comparison to a control group. Boland et al39 
observe that the response to SD was not correlated with 
the type of SD, medication status, diagnosis, age or gen-
der of the study population. A more recent meta-analysis 
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supported that chronotherapy (SD combined with other in-
terventions) has a rapid effect on depression.40 However, 
our review had more stringent inclusion criteria focused 
on SD and we included RCTs that are not included in the 
meta-analysis by Humptson et al40 Moreover, the pres-
ent analysis distinguished between different comparators 
(add-on vs no add-on, SD vs medication and SD vs ex-
ercise), include several outcomes and followed a different 
statistical approach. Ramirez-Mahaluf et al11 conducted a 
meta-analysis on SD effect in bipolar depression, includ-
ing exclusively studies on patients with bipolar disorder. In 
their efficacy analysis of SD as an add-on treatment, two 
studies were included, both of which are covered in our 
analysis.24,26 Ramirez-Mahaluf et al11 argue for a statisti-
cally significant effect of SD after one week. However, in 
our post hoc analyses, we found only a tendency towards 
significance (p = 0.05) for the same time period. Namely, 
Ramirez-Mahaluf et al11 measured time from the initiation 
of the study treatment protocol (including drug titration 
periods) and not specifically from the treatment start with 
SD. Thus, different baseline time points were used, leading 
to different conclusions on the short-term effects of SD.

The effects of SD on unipolar compared with bipolar de-
pression are worth further discussion. Circadian rhythm dis-
ruptions are common both in unipolar and bipolar depression.41 
Despite common mechanism-of-action targets for unipolar and 
bipolar depression, it has been debated whether the polarity of 
depression affects the response to SD, eventually in favour of 
bipolar depression.42 In our post hoc analyses, we found sim-
ilar numerical yet not statistically significant effect sizes for 
patients with bipolar depression and non-elderly patients with 
unipolar depression. However, these considerations are merely 
explorative as they build on post hoc analyses of studies which 
in addition have methodological limitations (see below).

Total SD was used in all the included studies. Although 
total SD is the most established method in research and clin-
ical praxis, different types of SD, such as late partial SD 
and selective Rapid Eye Movement-SD (REM-SD), have 
been presumed to have antidepressant effects.43,44 However, 
a single study did not show any advantages of late partial 
compared to total SD regarding efficacy or adherence.45 
Moreover, Grözinger et al46 compared REM-SD to non-
REM-SD without finding any significant difference on the 
alleviation of depressive symptoms.

4.1  |  Limitations

A key limitation of the present review was that the meta-
analysis was based on post-treatment assessments only, as 
information regarding mean change from baseline and the 
corresponding standard deviation was missing in almost 
all publications. This approach is less powerful than the 

statistical analyses used in the individual publications, which 
consider repeated measures at different time points. Further 
limitations were the heterogeneity between studies in the 
study population (eg either or both unipolar and bipolar de-
pressions), SD protocols (eg number of wake nights, use of 
other subsequent chronotherapeutic interventions) concur-
rent treatment (ongoing or starting antidepressant medica-
tion, other standard treatments) and outcome measures (eg 
different versions of the HDRS). In order to take both hetero-
geneity and differences in the included studies into account, 
we analysed the data using a random-effects model, which is 
more conservative.

The study population varied across the included studies—
mainly in terms of the diagnoses and suicidality of the in-
cluded patients. Regarding diagnoses: two studies included 
patients with bipolar disorder24,26; three studies recruited only 
patients with unipolar depression15,17,38; two studies included 
patients with either unipolar or bipolar depression16,25; and in 
one study, no exact information regarding the kind of depres-
sion was available.23 All but two studies listed suicidality as 
an exclusion criterion.24,38 It should be noted that the variety 
in sleep disturbances in patients with depression—ranging 
from insomnia to hypersomnia—has not been considered ex-
plicitly in the included studies. Moreover, anxiety is a com-
mon, agonizing symptom of depression and Martiny et al25 
commented that a high level of anxiety may be a contraindi-
cation for SD. For the other studies, it is unclear how many 
patients suffered from anxiety.

The treatment protocol varied from a single wake night15 
up to six wake nights within three weeks.17 Subsequent 
maintenance strategies varied the following: some studies 
combined SD with medication only, whilst three trials16,26,29 
provided additional chronotherapeutic interventions (light 
therapy, sleep phase advance and/or sleep time stabiliza-
tion). Overall, the most favourable results were reported after 
SD for three wake nights within one week in combination 
with medication and other chronotherapeutic interventions. 
It should be emphasized that the support offered to patients 
during wake nights differed considerably—in some stud-
ies various activities (requiring room and personnel) were 
offered, whereas patients in other studies merely were in-
structed to stay awake with very limited further support.

The limitation of using HDRS as depression rating scale 
is worth consideration—especially when investigating the ef-
fect of SD. The scale has been criticized, as changes in HDRS 
score may be observed even if a clinically relevant change in 
cardinal symptoms of depression is lacking.47-49 Namely, the 
HDRS score may decrease due to changes in a subset of items 
related to sleep or appetite without corresponding changes 
in core symptoms such as depressed mood, and anhedonia. 
Moreover, a modified version of HDRS has been used in 
three of the included studies17,23,26 and the comparability of 
these results may be affected.
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4.1.1  |  Implication to practice

The paramount question is whether SD has a clinically rel-
evant effect. In evaluating placebo-controlled clinical trials 
of antidepressant medication, the American Food and Drug 
Administration (FDA) and European Medicines Agency 
(EMA) considered an average two-point difference in HDRS-
17 score as a minimal clinically significant difference (com-
paring an active substance to placebo).50,51 Meta-analyses of 
currently used antidepressant medication compared with pla-
cebo regarding HDRS reported an SMD of −0.35 to −0.30 in 
patients with mild-to-moderate depression.52 In this context, 
the effect size in the post hoc meta-analysis of SD as add-on 
treatment in non-elderly psychiatric population would qual-
ify as clinically relevant. However, the confidence interval is 
wide and the overall confidence in this finding from a post 
hoc analysis is low. Furthermore, the included studies re-
ported transient effects that lasted for some days after SD—
this duration needs to be evaluated in relation to the need for 
additional treatment options during the first weeks it takes 
until antidepressant medication gains effect. Still, even if SD 
only reduces depression symptoms for a limited duration, 
this may be of clinical value in the absence of other treatment 
options. Also, it remains to be seen, if SD may be repeated 
for renewed effect in patients who respond to this treatment.

Another important question regarding the clinical practice is 
the risk of complications because of the treatment. Apart from 
the risk of switch to mania, no other serious complication has 
been reported in the included studies. Switch from depression 
to mania is regarded as a fundamental and defining feature of 
bipolar disorder.53 It may occur spontaneously or precipitated 
by stress or concurrent treatment.54 The switch rate to mania 
during treatment with placebo has been estimated to 4.2% for 
patients with bipolar disorder.55 According to Benedetti 56, the 
switch rate to mania may rise to 15-40% during treatment with 
antidepressants. There is also evidence that the study design, 
the type of antidepressants and the age of the participants may 
explain the variance in switch rate.57 In the studies included in 
this review, a switch rate around 5.5% was reported. Yet, this 
observation is limited by the heterogeneity of treatment mo-
dalities and insufficient reporting of complications in most of 
the publications. Moreover, no study was specifically designed 
to assess the risk of manic switch meaning that a meta-analysis 
of risk for patients with bipolar disorder was not possible. With 
respect to the clinical relevance, the risk of switch to mania 
should not be considered as an absolute contraindication for 
inpatient SD treatment of patients with bipolar disorder.

4.1.2  |  Implication for research

As conclusions are limited by the heterogeneity of treatment 
modalities and study population, further well-designed RCTs 

are required to investigate the optimal treatment protocol and 
patient subgroups who could benefit from the treatment. A 
major issue in investigating the effects of SD is the impossi-
bility of double-blinded studies—thus, head-to-head to other 
treatment methods may be preferable.

The heterogeneity in the clinical response to SD may 
partly reflect the heterogeneous nature of depression58,59,60. 
The differentiation of unipolar and bipolar depression should 
as in most previous studies be considered in future re-
search. Moreover, neuroimaging may improve the selection 
of patients who respond to SD although further research is 
required.61-63

The age of the participants may play role in the heteroge-
neity in the clinical response to SD. Ageing affects namely 
the circadian rhythms as changes occur in seminal parts of 
the circadian system such as the retina and the suprachias-
matic nucleus in hypothalamus.10,64 Moreover, late-life de-
pression may differ from early-life depression in aetiology 
and response to treatment.65 Thus, elderly depressed patients 
may respond differently to chronotherapies as also indicated 
by the not replicated study on elderly depressed patients.15 
Further studies need to evaluate the impact of ageing on 
sleep and the circadian system and on the efficacy of SD.

In conclusion, SD may have a role in the rapid relief 
of depression; however, the certainty of evidence is low. 
Furthermore, it is uncertain whether SD affects quality of 
sleep, health-related quality of life, everyday functioning or 
length of hospital stay. Generally, the method is well-toler-
ated, although the risk of switch to mania exists. Albeit the 
low grade of evidence, the treatment method of SD should be 
considered an important part of the future research in rapid 
relief of depression.
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